Introduction {#section5-1179552218791170}
============

Esophageal cancer is one of the deadliest cancers, with a 5-year relative survival probability of only 18% in the United States.^[@bibr1-1179552218791170]^ The 2 primary histological types of esophageal cancer are esophageal squamous cell carcinoma (SCC), most often found in the middle or upper third of the esophagus, and esophageal adenocarcinoma (EAC), most often found in the lower third of the esophagus or in the junction of the esophagus and stomach.^[@bibr2-1179552218791170]^ The incidence of EAC has been increasing since the 1960s in Western populations, including the United States,^[@bibr3-1179552218791170][@bibr4-1179552218791170][@bibr5-1179552218791170][@bibr6-1179552218791170]--[@bibr7-1179552218791170]^ and EAC surpassed SCC to become the leading subtype of cancer of the esophagus in the United States in the 1990s.^[@bibr5-1179552218791170],[@bibr7-1179552218791170],[@bibr8-1179552218791170]^ Many studies have shown that obesity (body mass index ⩾30), gastroesophageal reflux disease (GERD), and tobacco smoking are the predominant risk factors for EAC.^[@bibr5-1179552218791170],[@bibr7-1179552218791170],[@bibr9-1179552218791170][@bibr10-1179552218791170]--[@bibr11-1179552218791170]^ These 3 risk factors combined account for more than 70% of all cases of EAC in the United States and other Western populations.^[@bibr12-1179552218791170]^ Although alcohol is a strong risk factor for SCC of the esophagus, it is not a proven risk factor for EAC.^[@bibr5-1179552218791170],[@bibr7-1179552218791170],[@bibr13-1179552218791170],[@bibr14-1179552218791170]^

Increasing EAC incidence and increasing or high prevalence of associated risk factors, along with poor survival for patients with advanced disease,^[@bibr15-1179552218791170]^ makes EAC a considerable public health concern. Because no early detection screening programs for EAC in asymptomatic, average risk people have been shown to reduce mortality,^[@bibr16-1179552218791170]^ risk factor reduction should be a priority. A descriptive analysis of Ohio EAC incidence rates and risk factors is essential for the identification of high-risk populations and geographic regions at high risk, to target public health programs. The purpose of this study was to evaluate patterns of obesity and current cigarette smoking, as well as incidence rates of EAC over time and by demographics (age, sex, and race) and geographic regions in Ohio, and to compare Ohio EAC incidence rates with those from the National Cancer Institute's Surveillance Epidemiology and End Results Program (SEER).

Materials and Methods {#section6-1179552218791170}
=====================

Newly diagnosed, primary invasive esophageal cancer cases from the Ohio Department of Health Ohio Cancer Incidence Surveillance System (OCISS) database were used to calculate Ohio-specific cancer incidence rates and 95% confidence intervals. Comparison incidence rates and 95% confidence intervals were obtained from the SEER data. These 18 registries capture approximately 28% of the US population representing various US demographics.^[@bibr1-1179552218791170]^ Esophageal cancers were grouped using site and morphology codes from the World Health Organization's *International Classification of Diseases for Oncology, Third Edition* (*ICD-O-3*).^[@bibr17-1179552218791170]^ SEER\*Stat 8.2.1 was used to calculate age-adjusted EAC incidence rates and 95% confidence intervals for both Ohio and SEER.^[@bibr18-1179552218791170]^ All incidence rates were expressed as the number of cases per 100 000 persons, age-adjusted to the 2000 US standard population.

Ohio obesity and current cigarette smoking prevalence estimates over time (1996-2014) were obtained directly from the 2015 Centers for Disease Control and Prevention's (CDC) Behavioral Risk Factor Surveillance System (BRFSS).^[@bibr19-1179552218791170]^ Obesity was derived from self-reported height and weight. The population denominators for the obesity and current cigarette smoking questions included all respondents except those with "missing," "don't know," and "refused" responses. The BRFSS data prior to 2011 should not be compared with data from 2011 to 2014 due to changes in survey methodology.^[@bibr20-1179552218791170]^ The BRFSS data prior to 2011 were weighted by age and sex using a poststratification method. Data from 2011 to 2014 were weighted by age, sex, race/ethnicity, geography, marital status, education, home ownership, and telephone source using an iterative proportional fitting (ranking) method.

The most recent county-level BRFSS prevalence estimates in Ohio for obesity (2012) and current cigarette smoking (2014) were obtained from the County Health Rankings and Roadmaps, A Robert Wood Johnson program.^[@bibr21-1179552218791170]^ County-level prevalence was estimated using multilevel modeling techniques based on single-year 2014 BRFSS data and respondent demographics (age, sex, and race/ethnicity) as well as county-level poverty and county- and state-level contextual effects.^[@bibr22-1179552218791170]^ Estimates for counties with no or limited data were generated using this approach and information from the entire BRFSS sample and the Census Vintage 2014 population estimates.^[@bibr23-1179552218791170]^

Tertiles were used to create Ohio maps of EAC incidence rates, percent of esophageal cancers that were EAC, percent of Ohio adults who were obese, and percent of Ohio adults who were current cigarette smoking in adults. County incidence rates and percent of esophageal cancer cases that were EAC were suppressed if case counts were less than 5 to ensure stability of estimates. Maps were developed using Esri's ArcMap 10.2.2.^[@bibr24-1179552218791170]^

Results {#section7-1179552218791170}
=======

Incidence {#section8-1179552218791170}
---------

[Table 1](#table1-1179552218791170){ref-type="table"} shows the average annual, age-adjusted incidence rates and 95% confidence intervals of EAC in Ohio and SEER from 2009 to 2013. An average of 492 cases of EAC was reported each year in Ohio for an average annual incidence rate of 3.5 per 100 000 persons, which was significantly higher than the US incidence rate of 2.5 per 100 000. White men had the highest rate of EAC of all race/sex groups for both Ohio and SEER (7.1 and 5.7 per 100 000, respectively).

###### 

Average annual age-adjusted incidence rates per 100 000 and percent difference of EAC by sex, race, and age in Ohio and the United States, 2009 to 2013.

![](10.1177_1179552218791170-table1)

           Ohio   United States   Percent Difference                                 
  -------- ------ --------------- -------------------- ------ ----- ------ ---- ---- ----
  Race                                                                               
   White   7.1    1.1             3.8                  5.7    0.7   3.0    25   57   27
   Black   1.7    0.4             1.0                  1.3    0.3   0.7    31   33   43
  Age                                                                                
   \<60    2.1    0.3             1.2                  1.3    0.2   0.7    62   50   71
   60-69   24.1   3.1             13.1                 18.2   1.9   9.6    32   63   36
   70+     34.2   5.5             17.4                 26.4   3.9   13.3   30   41   31
  Total    6.6    1.0             3.5                  4.9    0.6   2.5    35   67   40

Source: Ohio Cancer Incidence Surveillance System, Ohio Department of Health, 2016; Surveillance, Epidemiology, and End Results (SEER) Program, *SEER Cancer Statistics Review 1975-2013*, National Cancer Institute, 2016.

All rates were age-adjusted to the 2000 US standard population using 19 age groups.

The EAC incidence rates for men in Ohio (overall and by race) were also higher than SEER rates; however, the percent differences in EAC incidence rates between Ohio and SEER were lower than those for women. The overall Ohio EAC incidence rate for men was significantly higher in Ohio than SEER (6.6 and 4.9 per 100 000 men, respectively). For white men, the EAC incidence rate was significantly higher in Ohio compared with SEER (7.1 and 5.7 per 100 000, respectively). Among black men, the EAC incidence rate was 31% higher, although not significantly higher, in Ohio compared with the United States (1.7 and 1.3 per 100 000, respectively). The incidence rate of EAC was significantly higher in Ohio women compared with US women (1.0 and 0.6 per 100 000, respectively). For white women, the EAC incidence rate was significantly higher in Ohio compared with SEER (1.1 and 0.7 per 100 000, respectively) and the black women incidence rate was 33% higher, although not significantly higher, in Ohio compared with the United States (0.4 and 0.3 per 100 000, respectively).

The incidence rates of EAC increased as age increased overall and for both men and women. The incidence rates of EAC by age group (\<60, 60-69, and 70+ years) were significantly higher overall and by sex in Ohio compared with SEER rates for every age group except women age \<60 years. The percent difference in EAC incidence rates between Ohio and SEER ranged from 30% in men 70+ years (34.2 and 26.4 per 100 000 for Ohio and SEER, respectively) to 63% in women 60 to 69 years (3.1 and 1.9 per 100 000 for Ohio and SEER, respectively).

Trends in EAC incidence rates {#section9-1179552218791170}
-----------------------------

[Figure 1](#fig1-1179552218791170){ref-type="fig"} shows the trend (1996-2013) in the age-adjusted incidence rate of EAC for Ohio and SEER by sex. The EAC incidence rate for Ohio men was greater than SEER men each year during this 18-year period. Ohio and SEER women had similar rates from 1996 to 2013. For each of the 4 groups, there was an increase in the EAC incidence rate during this time period. However, the increase in the EAC incidence rate was greater in Ohio compared with SEER for both men (Ohio 38% vs United States 15%) and women (Ohio 33% vs United States 17%).

![Trend of age-adjusted incidence rates of EAC by sex in Ohio and SEER, 1996-2013. EAC indicates esophageal adenocarcinoma; SEER, Surveillance Epidemiology and End Results Program.\
Source: Ohio Cancer Incidence Surveillance System, Ohio Department of Health, 2016; Surveillance, Epidemiology, and End Results (SEER) Program, SEER Cancer Statistics Review 1975-2013, National Cancer Institute, 2016. All rates were age-adjusted to the 2000 US standard population using 19 age groups.](10.1177_1179552218791170-fig1){#fig1-1179552218791170}

Trends in percent of esophageal cancers that were EAC {#section10-1179552218791170}
-----------------------------------------------------

[Figure 2](#fig2-1179552218791170){ref-type="fig"} shows the trend (1996-2013) in percent of esophageal cancers that were EAC for Ohio and SEER by sex. There were similar increases in the percent of EAC over this 18-year period for each of the 4 groups, with Ohio men and women having higher percents of EAC than SEER men and women. The difference in the percent EAC between Ohio and SEER was greater for women than men during this time period, with the exception of 2008. In both Ohio and SEER, this increase was accompanied by a corresponding decrease in SCC (not shown in tables/figures).

![Trends in the Percent of Esophageal Cancers that are EAC in Ohio and the U.S., 1996-2013. EAC indicates esophageal adenocarcinoma.\
Source: Ohio Cancer Incidence Surveillance System, Ohio Department of Health, 2016; Surveillance, Epidemiology, and End Results (SEER) Program, SEER Cancer Statistics Review 1975-2013, National Cancer Institute, 2016.](10.1177_1179552218791170-fig2){#fig2-1179552218791170}

Risk factor: obesity in Ohio {#section11-1179552218791170}
----------------------------

In 2014, Ohio ranked as the eighth highest state in adult obesity^[@bibr19-1179552218791170]^ with 32.6% of adults being obese. This was 10.6% higher than the percent of adults who were obese in the United States (29.5%). [Figure 3](#fig3-1179552218791170){ref-type="fig"} shows the percent of adult men and women who were obese from 1996 to 2014. During this period, the obesity prevalence in Ohio adults increased from 20% in 1996 to 30% in 2010. In Ohio, adult male obesity increased 64%, from 18.5% to 30.4%, and adult female obesity increased from 19.3% to 29.1% from 1996 to 2010, respectively. This trend continued from 2011 to 2014.

![Trends of obesity (BMI ⩾ 30) in adults by sex in Ohio, 1996-2014. BMI indicates body mass index.\
Source: Centers for Disease Control and Prevention, National Center for Chronic Disease Prevention and Health Promotion, Division of Population Health. BRFSS Prevalence & Trends Data (online). 2015. Note: Data from 2011-present were weighted by age, sex, race/ethnicity, geography, marital status, education, home ownership, and telephone source using an iterative proportional fitting (raking) method. Data prior to 2011 were weighted by age and sex using a poststratification method. Thus, BRFSS data for 2011-present should not be compared with data prior to 2011.](10.1177_1179552218791170-fig3){#fig3-1179552218791170}

Risk factor: cigarette smoking in Ohio {#section12-1179552218791170}
--------------------------------------

According to the BRFSS, the 2014 estimate of Ohio adults who were current cigarette smokers (21%) was the 12th highest in the United States.^[@bibr19-1179552218791170]^ The prevalence in Ohio was 16% higher than that for the United States (18.1%).^[@bibr19-1179552218791170]^ [Figure 4](#fig4-1179552218791170){ref-type="fig"} shows a decrease in the prevalence of current smoking among Ohio adult men and women from 1996 to 2010. The decrease was larger for men (34%-23%) than for women (24%-22%), resulting in the gap closing between the prevalence of adult men and women who were current cigarette smokers in Ohio. There was also a decreasing trend in current cigarette smoking from 2011 to 2014.

![Trends of adults who are current cigarette smokers by sex in Ohio, 1996-2014.\
Source: Centers for Disease Control and Prevention, National Center for Chronic Disease Prevention and Health Promotion, Division of Population Health. BRFSS Prevalence & Trends Data (online) 2015. Note: Data from 2011-present were weighted by age, sex, race/ethnicity, geography, marital status, education, home ownership and telephone source using an iterative proportional fitting (raking) method. Data prior to 2011 were weighted by age and sex using a poststratification method. Thus, BRFSS data for 2011-present should not be compared with data prior to 2011.](10.1177_1179552218791170-fig4){#fig4-1179552218791170}

Geographic variation of EAC and risk factors in Ohio {#section13-1179552218791170}
----------------------------------------------------

[Figure 5](#fig5-1179552218791170){ref-type="fig"} shows the geographic variation of the percent of esophageal cancers that were EACs (2009-2013), incidence rate of EAC (2009-2013), percent of Ohio adults who were obese (2012), and percent of Ohio adults who were current cigarette smokers (2014), respectively. Counties in the southeast and northcentral areas had the highest percent of esophageal cancers that were EAC from 2009 to 2013. Many of these counties also had the highest EAC incidence rates from 2009 to 2013. Obesity ranged from 26% to 39% in Ohio counties, with the highest percents found in the southeast area. The southeast counties also had a high percent of current adult cigarette smokers.

![Geographic patterns of EAC and risk factors by county in Ohio. (A) Percent of esophageal cases that are EAC by county in Ohio, 2009-2013. (B) Average annual age-adjusted incidence rates of EAC by county in Ohio, 2009-2013. (C) Percent of obese (BMI ⩾ 30) adults by county in Ohio, 2012. (D) Percent of adults who are currently cigarette smokers by county in Ohio, 2014. BMI indicates body mass index; EAC, esophageal adenocarcinoma.\
EAC Case Source: Ohio Cancer Incidence Surveillance System, Ohio Department of Health, 2016. All rates were age-adjusted to the 2000 US standard population using 19 age groups. Suppressed: rates not calculated when the case count for 2009-2013 was less than 5. Risk factor source: Centers for Disease Control and Prevention, National Center for Chronic Disease Prevention and Health Promotion, Division of Population Health.](10.1177_1179552218791170-fig5){#fig5-1179552218791170}

Discussion {#section14-1179552218791170}
==========

Many studies have reported the increasing trend in the EAC incidence rate in the United States^[@bibr5-1179552218791170][@bibr6-1179552218791170]--[@bibr7-1179552218791170],[@bibr25-1179552218791170]^; however, to our knowledge, a systematic comparison of EAC incidence by sex, race, age, and year in an individual state compared with the United States has not been previously published.

Similar to the US EAC incidence rates reported by Rubenstein and others, the incidence rate of EAC in Ohio has also been increasing since 1996 for both men and women.^[@bibr3-1179552218791170][@bibr4-1179552218791170][@bibr5-1179552218791170][@bibr6-1179552218791170]--[@bibr7-1179552218791170]^ Previous research on EAC also reported an increase in EAC incidence with age, with most cases occurring after the age of 50.^[@bibr6-1179552218791170],[@bibr12-1179552218791170],[@bibr26-1179552218791170]^ This study found a similar trend in Ohio with the incidence rate of EAC increasing with advancing age group. Also reported elsewhere were higher rates for men compared with women and blacks compared with whites in the United States,^[@bibr6-1179552218791170],[@bibr7-1179552218791170],[@bibr12-1179552218791170],[@bibr25-1179552218791170],[@bibr26-1179552218791170]^ similar to what is reported here; however, compared with SEER, Ohio had higher incidence rates of EAC for each sex, race, and age group.

Many studies have reported obesity, GERD, and tobacco smoking as the primary risk factors for EAC.^[@bibr5-1179552218791170],[@bibr7-1179552218791170],[@bibr9-1179552218791170],[@bibr10-1179552218791170]^ The prevalence of obesity was higher in Ohio compared with the United States in 2012. Moreover, the prevalence of obesity has been increasing over the past several decades in both Ohio and the United States. Although the prevalence of current cigarette smoking in adults has been slowly decreasing in Ohio and the United States, the Ohio prevalence was higher than the United States. Furthermore, the prevalence of current cigarette smoking among women has been decreasing at a slower rate over time than that for men in Ohio. This, along with the increase in obesity, may contribute to both the higher proportion of esophageal cancers that were EAC and the high incidence rate of EAC in Ohio women, compared with US women.

Geographically, the predominantly rural counties of southeast and northwest Ohio have higher rates of obesity, and the southeast has higher rates of current cigarette smoking, compared with other regions in Ohio. Many counties in these rural regions were also those with higher incidence rates of EAC. One area heavily affected was Appalachian Ohio, a 32-county region of Ohio with approximately 18% of the population (or more than 2 million people) that is part of the Appalachian region of the United States that runs along the spine of the Appalachian Mountains from New York to Mississippi.^[@bibr27-1179552218791170]^ Characteristics of Appalachia include lower income, higher prevalence of unemployment, less urbanization, lower level of educational attainment, and numerous health disparities, including increased obesity and tobacco use compared with the United States overall.^[@bibr28-1179552218791170]^ This study demonstrates that Ohio Appalachian counties may benefit from targeted programs and interventions such as smoking cessation and obesity prevention/reduction programs to reduce EAC risk factors and incidence and these efforts may have the added benefits of reducing risks of other tobacco- and obesity-associated diseases.

There were several limitations in this study. Results concerning EAC incidence presented here were restricted to 1996-2013, the years for which OCISS data were available, and therefore did not capture the most dramatic increase in EAC in the United States, which occurred from 1975 to 1996. After 1996, the US EAC incidence rate increased but at a slower rate, similar to what was found in the Ohio data presented here. This study was also limited to 2 noncomparable segments of BRFSS trend data. Because of changes in sampling methods, data prior to 2011 cannot be compared with data from 2011 and after.^[@bibr19-1179552218791170]^ This study also lacked individual record of exposure to risk factors. Because of this, overall Ohio and county-level rates and risk factor prevalence estimates were used; thus, direct causal associations between risk factors and EAC could not be evaluated. Finally, estimates of the prevalence of GERD in this population, the third primary risk factor for EAC, were not available. According to a meta-analysis conducted by Runge et al,^[@bibr7-1179552218791170]^ GERD had a higher magnitude of association (odds ratio) with EAC compared with obesity and tobacco. Having individual estimates of each of the 3 primary risk factors would create a better understanding of geographic areas and populations for which interventions may be targeted.

Conclusions {#section15-1179552218791170}
===========

This study identified an increasing trend in both the incidence rate of EAC and the percent of esophageal cancers that were EAC in Ohio. These trends will most likely continue to increase as the prevalence of obesity increases and the prevalence of cigarette smoking remains stable. This study also demonstrated that the incidence rates of EAC were more than 40% higher in Ohio compared with SEER overall and for each sex and race group. This may be in part due to the high obesity and cigarette smoking prevalences in Ohio. Health care providers and public health practitioners should use this information to strategically target EAC prevention in Ohio. Based on these results, other states should evaluate the areas of high incidence of EAC, obesity, and cigarette smoking, as well as high-risk GERD populations to help reduce and prevent this deadly malignancy.
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